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(57)Abstract: 

PROBLEM TO BE SOLVED: To perform a mass 
spectrometric ion detection at high speed to 
allow the real time monitoring by mass spectrally 
analyzing the ion generated in an ion source, and 
measuring its ion current. 

SOLUTION: This device is basically formed of a 
sample gas collection part 88 for collecting a 
sample gas from a flue 1 that is the position to 
be measured, a monitoring part 1 1 for detecting 
the substance to be measured from the 
collected sample gas, and a combustion control 
device 15 for utilizing the detection result for 
combustion control. The sample collection part 
88 comprises a sample gas collecting probe 3, a 
sample gas piping 4, a selector valve 6, a filter 7, 
a sample gas feed pump 8, a waste gas piping 5, 

a waste gas probe 2 and the like. In the monitoring part 11, the substance to be 
measured in the fed sample gas is selectively ionized in a high efficiency, and the 
generated ion is mass spectrally analyzed in a mass spectral part, whereby the 
substance to be measured is detected (monitored). 
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^^«14 6Mfci*JH*«lil 0 OKltDHttPSnfcK 

,ii4 5a\ b t y is^nM* e^-m^ti^-f^^ 
MWEfctt* 7K> no x , so x fti?K:**-t- 

^yil4 5a, b t y >-^e®4 6P ^ S^Mt£b4V^i: 

y»¥J:<i»«t^ Ell2^b 

fc, *SJ^SSSJS9 8 a , b^b^^K^r^^'7 P m@4 
5a, blBtCfflDbfc«lb**«EO«tt«*«l1W-t-« 

rtr% St(0^# WI4^f ^Ig^^ftitt 

*o XKIwtt, ^^^F^^^K*^Wa5 9 3 ^«1ES 

OffilbXSE*Ji^K^^ y^W®4 5 a . b^WiD-r 
* 0 4*^Y7vZf'%&&mnV 3lll«XO«i^t 



(9) 



#B12 000-162189 



[0 0 3 7] ^tyh?y^)tld«r«9 3 i9»9lil 

a g y - K 4 8 t>f ^y^t^i:* 

t wlT- ^ v/yf a y * ? y ^ 4 9 tft 

[0 0 3 8] ID 5, 6^^i"«t9tC, JR*U^X3 4. 
^Jy h##m^3 5, -fiRtKSWX* ^^X9 1, {I 

3, >r ^-v^aj*9 4^#fti-s^-r^<— r±, ^y 

ft»KS*ftfflE* 5 5«#5 0^200jy h^/ 

»S«<o#«;a*, JS 3 ^JMttJtffiflMUBE* 5 6 

«55o^E)i5ojy h^/»a«©#*a*) -e i 

«fBlS9 2<z>ir5-C2#«U ^Jyh7 
p— — *45-T-#^5 2— <@"C\ »2^»SE 
*»JlfflllHUBE*5 5, *3ttlbiM«BJKSilMlffiE 
f 5 6lriLt, 2 ^tdSttfcW^ir^- 

^ h 9 y XjfS##f$B 9 3 trJtffltefto fc£ 4 \z 5 

* y — =.^^<^^-ri#ssi nas^jbtf* 
b2B»imaflE4:fflaH3:ffdri3ft«-e#5. 

2^C^EEfflJictt|^3(D^^>'y , 1 2^iK*t* 

tt, ffiSi^^^l 2 t It, 31**5**5 OOJy 
fc, 16(7)J:5^, KffltMUBE* 2 9 a , b£iib 

m i muMMMs»9immm 5 4 icsafc-rs Jit5i 

tt, ^-^^^5 2«^I^yy 1 21; 
/Bv\h,fi±v* 0 as; 6 v*i*fto*&U:i*:«fc, ^(D£ 5 

5. 6<D0)j-ci*. 3 ^mmmcoWi^iz^^xft^fz. 

SSl^fe»3»7L6 lfcS3*tS^SEA**r»*.*i 
Jb"0\ 2»(Z)a»»«»K:i-*ri:t^rtB-e«)*. 

[0 0 3 9] mm £ *bfc^ *-VttSftttitffi» 5 0 ^gt 
7*— *ftySS4 7td^^ix x -7*;*^ hA-£^;L5o 



h;MO0iJ£, 1D2 4 (NO,% NO^^) , El 2 5 
(1, 2, 3 - MJ^d n^yfyof^) ,112 6 
(1, 2, 3 - h !) ^ n n i//<y/-/<7 - 

^<Dmm& (yw) *r*u-cv^«. i. 2, 3-hy^ 

DP-<ytV, l, 2, 3-h!)^oB^y/-/<7 

^Htifcffr ( M C 1 t 37 Cl T\ ^(05Sfl[ltli7 6»2 " 
4) Id**"*** -^^^ h/kOSO^fixi 

[00 40] JBje»*««^**i"SK*R^*5W5^ 
tyt««oB« (««*) *>6>, 

*ft*ri3ftS^#a. #J;ctf, 2, 3-^nn7x; 
-yu l 6 2, «JHSix5>f 6 

l) H2 8©.J:5^ 

r*L*fc£fc. wnaFftfc-Y ^3ft***e>, * 

[0 04 1 ] />f^^y<Dj(f«ftti)5^ p n^^f 

iH7x/^yl (-OHS) h^— iBSrffcv* 
&=f*4*:s (m-h) ^**^y«i4» 

T-T^-^M-COte^; (M-C 1 ) " , (M-C 1 + O) 
*fcW*»lt/l, 2t/Uh^/yf^7'7^ 

[0 0 4 2] ^nrr^V-tf^SH, ^ n n ^ / — /u^, 

^ t ^ yi^^T- 1 ^ ^ >f ±>^ms i\ztf 

-to **<035*SW4fc£tt 35^37^3 : 1 T^ft"T S 

5 9 «tfi, h y ^no^yiilll 8 0, 18 
2, 184, 186 tC, 27:27:9:1 ^RMStflcx^ 

— LTt><fcv\ 
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[0 0 4 3] ^DQ^yify, ^ d n y — yujg^S 

[0 0 4 4] HI, 2K*-*-«fc5fc:, **JEft*^^ 
^S§^^-7 , 'n^y2^b> S^S^d^-7'3^T 
1 2<D#«fc, SS^y/fflSI^EffS 6 H2) 

[0 0 4 5] 7K, SMfc**. «Ej*BMfc 

[0 0 4 6] zti*x<K>mJlx\ ^^SiiOT^ 

^^«^^^8^^^Si:^-K/^</^ 
d v F^/^^tsns^, K/^/t-y 7 9 a , 

=a n ^-fic*flB«H:SI3c*:*EE (760Torr^ 
ft) i:4o-CV^ 0 L*>U JSBRKH. an 

< ft 9 . =i cz ^»«««OJBE*<D*igffl[tt*«jE<D 7 6 
OTo r r £9 hM\<^h ^%fcfoZ)o U*»U -£<E>— * 

6 OTo r r £y>m*<^bZ*>\ZlbZ>ZtteWmT*hZ>o 
H2 3l:i4, =«n^tt«««(OE**:W»-CJBI*Ufc» 



^ (1. 2MSt) . f5tf*«JETT?Slj£bfc»^ 

-Y 3 0 rta$(7)JE^ £iS < jW*J»-efc* w 

- K/^^U^ 7 9a OMi-, m#3SSS5 9 7 «rRW\ K 
35 9 7 ^J:oT, *^JEfc^f ^313 O^antftl 
[0 04 7] — S\ H 1 6 tC^-T J: 5 ^r^Sfl 1 1 

<om^w%^^7 8"<0*«:RW-C\ ^~*m 1<D± 

ZCDW&^ft, M*^7 8(OSWia«, 

[0 04 8] 033^ ^-f^^^W^aHE^^ci — 
bt+s e cSS) "fS. (S3 l-e*Ufc^*^v^V 

/z 320<t322) JiiD*Ur^U-et>S/NJt08fe# 

<75«aEffl[ta3*b(z i m) &^>r **^o«*£-t- 

W±^«B^e>Rft-e#5J:5^bT*5<« 
4«lt«JIC«:ffv^s>/NJtoak**:H5. Wt^'>y 

^BB^tR^-f-So B3 1fl)^t3n^^>fty 
TW^MfSKZImlO) ^oo^yfyg 

^ e ^ n □ 7x / 3 i <?)Y Sr^e^^ t 

so x , mt&m. mmm&*~*-t-z 0 u^ti 
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* tcis * n a *v * * > ^> KJgft^^ o 
= * si© k: <t d £<z>tiMf * k if ix«*t<D^>r 

[0 0 5 0] _bE<O0![-e«:, *©3Dtatl:i5tfi|t 
[ft b£i ^tft^ff SC^^A bT t A v n r 4: fifl: 5 * T 
[0 0 5 1] Sfe^fti^WH-tU-C^^h^y^ 

[0 0 5 2] (H160I2) H3 0Kir**aWI»3lf^* 

??^it^^^-r o 1^10 0%Xfc5 o 1 0- 6 #ppnu 
1 0" 9 ^ P pb N 1 0- l2 dSppt^tt^i-5o %u^kt?^ 

tt*<OJ*»3dS#ftU -etlbSft^l 0ppmj&>blppt 
i^/uiJ£$6Hfc#*bTV*5 0 ^b*^(2 5 0 PP m^ 
ibl 3 0 0ppm) , NO x (l0 0^b2 0 0ppm) % SO 
x (-lOOppnO «tt*ffppmW^/UTMlFfrf5. - 

>\ ^P07x;-/USOlglt lppb(l 0 0 0ng/N 
n»a«i:S*l-C^*. ^f**$^«<0»*ttl Oppt 
(1 0ng/Nm 3 mT-Cfc5 e ;i<£>J:5l-, 

is ^mmw*?¥4 is^mw s 

fcftiU |!f|b£ 5^*<75an^-»«-e^ii-Wk 



[0 0 5 3] L*>U -Y*^ V^yZfWWLftVrVc&m^ 

y^t^^ch^iot, ii«<7>-^ h/Wcifcifcb 
JSftSiRi 0 0^by^lffi4 6iiym^t 
fi9 8^^xyK^rt^7 P tS4 5 a, btilEPJOLfc 
b s «Srt0^y7r^(He*4f) 

^C+ms e ell, J5jfi»5 0^?,5 00 kHzSS) 

Ell 3K^1-£ 2, 4v ? ^PD7xy-/u^f 
£\ Aoa p tftttflv>r>f tyftts i , (m- 

H) ~ (M:$H% H:7K^) t^5A^^^f 
5M^b (M-H) - Srft-C***^— fiKllUfc 

d-^-ftsnn citto^f «t 5 

^W^#ftbTt>, ^po7xy- vuco^^ai^pj 

x% ^(D^-^mm^b&mm^-msstmvtz^-f ^~ 

jkcoci «^>r^*>^«K:^)*««s*b«aa 
[0054] Mft-t-^t^a^isftfcia^^ttMs 

■5lc:|W*«¥5r i:t>"sriM-efo5o -T^^*>, ^nn^ 
*/-/HHSr«l^4:5t. = * ^J*ST^^;bfc-E-y . 

iym^tS4 5a, b CMUt^r^CJ: «9S 
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WaXSfE*:^^ K^r^y^«ffi4 5 a . b KBttP U M 
lE*^^"CV^5^^rf->'lc^*/^a^ ! — SrttAUT, iff IE 
(7) * a a 7 * 7 — JW&<< ^Sfrh&MttLttttMyslZ 
^^y^t-So C<7>±:#. ^ by, ^b 

^ N xy^^DD7x / -;KO^>f t y ^ bfiSS^^ 
J&gfLfc, 7x/-/K ^e/, v 5 , Mis tF^od 

[0 0 5 5] SbK, m&<D8£&1FX~\±. 5£±1r%i?u 
d7i;-^#d, v\ FD, r F7^n7x;- 
a n "7 ^ y — /MB<£>fi<£> 5 0 %J£JLh£; £*6 

< „ V?, h y s rh7^PD7xy-yKDtt^DD7 

[0 0 5 6] (HJ60J3) — figfo^f^SBi^-e««PH 
*l5 0 r.tf>ig«fc:, *BtoM»#*#BijKA* BSrKtt 

fttf* zft^^A«i^g^#^ J; ^ no x , 
-fAtW5:^^5 0 *»«rtw. no x , ^>f 
^ W77 6 COM. B^^^coc^T^^^^^J: 

ft. SA*:<0ff!lWu m^tftn^ hoffMdSpTIBift 
I8^n5l^ *B«9»*y<A^8 iK«fc!9StB 

5 0 03 21:, ^o-^^^^lb^KffiSr^bfco «» 
/NJtSrlft±S**fci:t^fflr»<OSFfl!Kt«:HS. 189 



m^m^3 o&mmx&zt, 1 o^isjs-ets 

LT^3SfcB<*>EStt:lS&. ^M££;ft/0^v^B 

[0057] mmm*) 

yyyy^gBl:, ^^yy*S«t5h7y^ 

«ft<twi:^"e#So rco^#, NO x , SO x ^if 
SMf;***v^caijeu ^^yyi<Di9^IM 

[0 0 5 8] B 1 9 *:/BV^lMi+S. flBX 1 WAl 
fcWR^aMJi^n— ^3j&»fe»W#;**SHRU 

h7^/^2 0, M7-<^2 3ia?)Mf^!) 
(&<<> SftS^tS^nn^ 
> s ^pd7x/- /HftfcJftt* E*3 7 ^82a, IS 
=j3^8 2b'4:gt, -^^35 1 1 IcESHUfl 

8 2b *»E-fc*^*^«3 0.te***bS. ^ 

5o tM^bf+^ftllS^ H9y7Ti»»|IB#*T 

A 8 3fcS3Rtf >"<8 5^btt«&StbSS*^^ y=? 
y^^vJ^S 3 $rSf£tb^«t 5^*5o G9;fr=* ^ 8 4 <D 
m*>WLtm%^ «h?y^*9>8 3(Oi^S^^^A 

yg«t u *«Efls*w ^-^as 3 o \cm*M 

L, ffi^Cfi^CO^^^^fcat)^ h7'7 7 P ^7 

h y y ^BBSrlOS?, l 0 

[0 0 5 9] ^-^^^B^ct 0HftUt>r 
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^fCtdli, ^ n o^yfy^^ n n 7 a y if» 
[0 0 6 0] (SilSM 6 ) ^^^SO/E^^ fcSV^ 

[0061] mmmi) ««tt*»««»fc»6fc» 

Affl*3S«cJ:0|»3e-r5^ W***9«bTi»tt 
^ n n^<>ir ^ a n 7 ^ / — /l^ft if ^>^>ir 

[0 0 6 2] £fc, IWWW^^tlCl^fi^^i 

hA-SrBtftU&tfV^;*— #i:#te7;r-Y'Wfcb 

»bft^b«S«WJ«i»l 5-e«S**PO-ft2g**fcf4il 
»ffi*<^aHS*S:W«ib-C^>f ^^S/^SB, *nn-<>- 

[0 0 6 3] £ <bJ-, ^#cf3#<7)^^^-^ h/u^ife 
^f^^^tfW;*;*^ ir bTffi 



K/u) ^Jfc^bT. Sffe*-^^tr-^^aimbfcl9, 
*t*^^if-^^»itfc»^***l»i:«Wfi-S^ HP 

x<p\ztt%L\^tij&ftXhZ<DX\ xnti&<oQS9Lb\*X 

[0 0 6 4] I^Lfcf-^(if-^MT«$^I 
ft*fl=oK36«[^ay«*i: t fclc^r-f /WtS*tB« 
£*i3 0 £fc, Smffi^^fcft^bycaFffi^t: 0 

[0 0 6 5] (Jfelkfl 8 ) tf-^aWETOfctt 
«ft**l£#^^8RixatpJ:5^b'C, ifxkMSSSL 

JhSaStefctt* ig*6«^^^*§i&W^gftb, * 
^-^W-^Eff^^ntwjCbT, MfcfiliilBfcllHk iS 

•A*te«bfc«te#^"*:WAUaift*:ll*M-*» 
bT*-t-J:5K:i-S 0 

[0 0 6 6] (HJtefi»j9) H3 0^r^I#^t 

#ftit*$r^1-o 1^10 0%-efc^ o 1 0- 6 ^ppm, 
1 O^ppb, 1 0- 12 ^ppttCffiS-r5o %U^<^Oft 

mm, -mtfeM. ^m^. .100 o PP mi/^ 

W:^<^^ s #ffib. -tJxb»«ttl Oppm^b Ippt 
U^yU^j^tSH^^bTl^o »t7K3S(2 5 Oppm^ 
bl 3 0 0ppm) , NO x (l 0 0^^ 2 0 Oppm) , SO 
x (— lOOppm) ^(^S"ppmU-<yU-e#^Ei-^ 0 — 

ls y ?nn7 3Lj—/U^(D^&fe^ 1 ppb( 1 0 0 Ong/N 

m 3 )^sir^tLTv^ 0 '^^^m^mst^i oppt 

(1 0ng/Nm3)^TT-fe^ o :^3I^ ^rt^iS 
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o x ) , tmrntto (so x ) , gi(ci 2 ), mt** 

(HCl) ) ^^t^ftS-ppmU^yu-CfriE-r 

s c mb***, *«+^#m*^awj*n-cv^* 
it «t ix (i r. n b i-*n t *v a-* * * 

[0 0 6 7] no x , so^fi^^v^ys^iw 

[0 0 6 8] ^Sc0^I ^ 9#X.^^iV^<O^^C0^fe^fo 

So ^33 tzItm&mWiM tyh7ix ^Si^Wff^ 
S e ^f^cT^A. SS^m> fCS^^^m^* 

* a 5 b ay 3£ £ 9 , ^ iaf y r a* * >r k , 

tf-^rv^Jg, ^ n a-^-if ^ n n :7^y — 
US. NO x , SO^H*SraS£-e#5« 

[0069] mmm i o) j^±cd^j^^, 
s^, *u7^^*«ft7k*^^^*if^ft**n 

y ^ Do-<^^-c(i, jE>f a-^fl^E— Kco^JE^ 
jE<*-Wfc*— KU^tS^^vS^te, (M+H) + 
[0 0 7 0] jE-faJ-^fc-*— KfcJ: Vn^tlZMfcTkm 



9, -IWk«»i:BI«te, **^**>»«fc:i-Sri: 

So 

[0071] mmm 1 1 ) ±iBow-ett, h ^ 

Sti^fcSo p&S^Kte, l loiftr 

So »t**^»&^r±, KUtfA'S/fr-^w 

^^31^7^;^^^^^ lOOOppmS: 
fcjB*.***W*ft*»*1«EUTt>*Brp pmrtT 

[0 0 7 2] 

So *BfcJ:5, «il^6>ie»«*»^S:«*UT, # 

NO x , SOx^^ESf^^^^^lB^ftofc. 

[B2] UfcHU 

[SI 3] -7-<yu^gBO»jBtg;^Lfc.Ho 

[14] ^^^gB^flfj^Sr^b/ca 

[115] -e^^rtSBOWj^^LfclIo 

[HI 6 ] ^^^P^a5(D'S^;4r^bfcElo 

[H7] -Y^"^jS<75»^iS:^b/£:Blo 

[H8] -Y^-v«^*j«8:^L7tBl 0 

[H9] J *>*m<Dmf&$:m\stzWlo 

[IS 10] =*1-tem<Dj*^±j&<D&M*7Fl,tz.%l Q 

[111] 4 ^ h7y/Ki»ff»(OiS;i^tfc 

Ho 

[Hi 2] ^^^h^'y^eS^Wa^^^^bfc 

[111 3] >T^"^fiS:iasS:^bfcHo 
[Hi 4] h^^^o*j*^bfcgl 0 
[Hi 5] ^-^tcisSO^^^i-Ho 

[Hi e] ^~*n<omj&&^i-m 0 
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mi 7) *~*n<omf&*^'tm« 
[hi 8] ^^^^(Dm^^-tm. 

[Ell 9] ■t = ^fflJ60«fiS;S:*fEl o 

[02 0] *%&4*^U&\^lsttZ>1fxm&h<<*is 

[(212 2] ^^>T*>a[fflK:*5lt5JE*4:>r^-v»* 
£<D&§£S£^Lfc0 o 

[023] *r^JEE-f a-^MUlzloitZE.Jjt'f 
£<^(ig«£^Lfc0 o 
[024] -v**^? h^<D—m o 
[025] ^PP^yf y^v^x^^ F/kt)-^ 
[026] ?4**r*sXO^**'<9 h/KD— Mo 
[02 7] ? uuy ^;—;\,<Dfe\timo 

[ni2 8] mm.&m<DmjEmo 

[02 9] tttKoMM. 

[03o] ^ip^snst*^, 

[03 1] ^tii^^v 0 

[03 2] ffiij^v— ^y^wH 0 

[03 3] Mfeis—tr^XiD&L 

[03 4] m^-^r^^<Dm 0 
[**©RB] 

1 — Sit. 2 — Sl^/p-y, 3 — KJpl-^.xgl 
«^n^ 4— K»#:*JBE*, 5 — g£ig#*£lE 
t\ 6 — «D9#^</b^ 7 — y^ju?^ 8 — KJft 

tfxmm^tf^y^ 9 — 5^ttffl^v^ ; 1 0 — mmu 
nm±m, 1 1 — 1 2 — ss^yy, 1 3 
— 14 — «*xtf«g»9>f 15 — mm 
fflwmm. is — ^mnm&w — , 17 — 

1 8 ^e^^ffl^W-etSK, 1 9 

2 0 — N 7 >r 2 1 — ^h7>f/u^A9 

nisi 1 , 22 — bzrj/ufmma&'g^ 23 — ^ 



27 — JtSWrt^^ h -y ifcifrtS^ 2 8 — 

2 9 — KfflSWWHE** 3 0— *«BEflS 

3 1 I177yy, 3 2 I27yy 

v\ 3 3 |3 77y^ 3 4 i&JfcU^X, 3 5 — 

U V Htt#«ffi, 3 6 — tf— h/<yU7\ 3 7 — 
3 8 — SMKttfc 3 9 — -y-yvKttt, 4 0 

a, b, c , d — (Mfammm. 4 1 — tkMRvwmmn 

4 2 . 4 3 IM^^F7^^, 4 4 — 

-PJ««B* 4 5a, b xyK^rt^7 P lS, 4 6 

y^«ffi, 4 7 Ki^WfflftJWffl, 4 8 

— v> 3 y — K, 4 9 — -yyfi/-^ftaiai, 5 
o — 51 — mmmnMRxmmsmmm. 5 

2 tf^stf^:/, 5 3a, b ^yl^, 5 4 

% 1 «tt#ft»*2g#ft;ffliE*, 5 5 — m 2 mm$m 

ES\ 5 7 an-J-SrtiJHtHItt, 58 — ScS/B**^ 

5 9 IlM, 6 0 6 1 J& 

3»7U 6 2 KW^^JDSRSS, 6 3 fc— 6 4 

^VftO&^lWL 6 5 ^ htft, 6 6a, b 

Off«fe 6 7—/<iy7 7^^t^^P, 6 8 

a, b *6»y^*\ 6 9 -Y^E9!BUW7L 7 0 

— ftyi^iyyx, 7ia, b — 77y^ 72 
— r^SAP, 73 — j&apjp, 74 — 75- 

-3^ftAP, 7 6 ^7, 7 7— -7 4)V$ 

95, 7 8 7 9 a, b H^'<A'7\ 

8 0 — #tf£IEf\ 8 1 £ttbfc»qsMf;*/Be 

<g\ 82a,b =3i = y9, 8 3 84- 

— Bg*=y^, 8 5 8 6 — East, 8 

7 , 8 8— Wft^HW, 8 9 SU&n, 9 0- 

— ^7*;^ 9 1 — "SR^M^^^^X, 9 2- 
— ffift^, 9 3 >f h7 ^Sffi^tffSB, 9 4 

^at^mm. 95— n^ffl^y/, 9 6 — 

aKV^ffljjSHyf^E*. 9 7 JE^PSSfl, 9 8a, 

b — Mi&^SSSjH, 9 9 — ^77^11:^, 10 0 — 
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